


















































































































































































































































































126 ARTIFICIAL ABRASIVES. 

ARTIFICIAL ABRASIVES. 

CRUSHED STEEL. 

A prominent corundum mine owner and manufacturer informs the
Survey, that the most prominent usurper of the corundum industry 
is '"crushed steel." On account of the cheapness of the product, and 
the variety of uses, to which it may be put, it is for the present re
placing much corundum and emery in the arts. 

A concise description of this is given in the Mineral Resources of 
the United States, r892, as follows :-"Another recent invention in· 
the line of abrasives, to which attention has been called, by an inter
esting exhibit at the Columbian Exposition, is "crushed steel," man-
ufactured by the Pittsburg Crushed Steel Company, limited, of 
Pittsburg, Penn. This product is obtained from crucible steel, highly 
carbonized, and made crystalline in structure, by manipulation in 
furnaces and chemical bath treatment. It is then reduced to small 
crystals, by crushing under heavy machinery, after which it is. 
assorted into sizes by a system of sieves. The lar:ger sizes, which 
vary from about the size of a No. 2 bird shot to one-fortieth of an 
inch, are classed as crushed steel proper, and used for sawing stone,. 
particularly those varieties possessing hard and gritty qualities, such 
as granite, sandstone, marble etc. Grains, which pass through 
sieves, ranging from forty to one hundred and fifty meshes to the· 
inch, are classed as "steel emery," and are used upon rubbing beds,. 
and for polishing purposes. The finest product is, by an oxidizing· 
process, manufactured into putty-powder and rouge, for polishing· 
marbles, granites, agate and glass. 

"The crystals of crushed steel and steel emery present sharp,... 
cutting edges, having about the same angles as quartz, when 
crushed. They are exceedingly hard, and are more effective, 
under the saw blades and on the rubbing bed, than sand. The ef
fectiveness of crushed steel and steel emery is due to the· fact, that 
the crystals do not wear away and become smooth. A grain of 
crushed steel, under the microscope, presents a series of crystals;. 
and, if sufficient force be applied, they are detached; but they main-
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tain their crystalline form and abrasive qualities. For this reason the 
material can be used a great number of times, and in order to effect 
the greatest economy in its use, the manufacturers of crushed steel 
have also invented automatic attachments for saw gangs and rub
bing beds, by which the steel once used is saved and returned. The 
efficacy of these products-crushed steel, steel emery, and the 
putty-powder and rouge-has been attested by stone-workers and 
manufacturers of lenses." 

CARBORUNDUM. 

An artificial abrasive, which has been attracting unusual atten
tion lately, is termed by its inventor, Mr. E. G. Acheson, of Monon
gehala City, Pa., "Carborundum." The object of the invention 
was to produce a substitute for corundum and other abrasive ma
terials. Reports as to its success have been contradictory. As a sub
stitute for corundum, it thus far fails, mainly ( r) because the man
ufacturers are not yet able to produce it as cheaply,and (2) because 
it lacks the toughness, being extremely brittle. 

The description of carborundum, its manufacture, properties and 
uses, as given by the Committee on "Science and the Arts," of 
the Franklin Institute, 1 is as follows:-

"The method of manufacture consists in general, in subjecting 
to an extremely high temperature, and for a considerable time, 
mixtures of carbon with silica, or siliceous materials, and a suit
able :flux. 

"The inventor finds, that the heat, generated by an electric cur
rent, affords him the most efficient conditions, for securing the high 
temperatures, needed to bring about the reaction, and accordingly 
states his preference for the use of the electric furnace. 

" The following general description will serve to explain the 
mode of operation:-

"An intimate mixture of carbon and sand is introduced into a 
rectangular box of brick or fire-clay, constituting the furnace 
chamber, the mixture being so placed, as to surround a core of 
granular carbon. Into each end of the chamber project several 

1 Journal of the Frank1in Institute, Vol. CXXXVII, 1894, pp. 402-407. 



!28 ARTIFICIAL ABRASIVES. 

rods of the carbon, making connection with the core, and, through 
these rods and the core, is passed a current, sufficient in quantity, 
and for a sufficient length of time, to fuse the contained silica, and 
bring about its subsequent combination with a portion of the car
bon, to form a new substance, a silicide of carbon, to which the 
name of carborundum has been given. 

FIG. 9. 

ELECTRICAL FURNACE FOR TUE MANUFACTURE OF CARBORUNDUM. 

"Upon removal from the furnace, the carborundum is found as 
a porous cinder-like mass, formed of groups of sma.ll, glittering 
crystals of yellowish-green, bluish-green, or blue color, surrourlded 
by more or less coherent masses of partly altered carbon. 

"The separation of the carborundum from the other constitu
ents of the mass is first effected, as completely as may be, by hand. 
The selected material is washed in water, then treated with acid, to 
remove soluble impurities (iron, alumina, lime etc.), again washed, 
then dried and crushed. By this means the individual crystals are 
separated, and the purefied material is then separated into com
mercial sizes of different degrees of fineness, by a process of float-

-



ARTIFICIAL ABRASIVES. 

ation m a current of water, the several grades being thus auto
matically collected in separate receptacles. 

"An analysis of the product thus formed shows, that it is a com
pound thus far new in chemistry, a combination of one atom of 
silicon with one atom of carbon, or, in chemical terms, a silicide of 
carbon, having the formula SiC. The re-action involved consists 
in the withdrawal, by the carbon, of two atoms of oxygen from the 
silica of the sand or clay, and the combination of the nascent silicon 
with a portion of the surplus highly heated carbon, according to the 
equation, 

Si02 + 3C=SiC+zCO. 

"It is well known to chemists, that the formation of silicide of 
carbon, by the direct reduction of silica with carbon, has hitherto 
been impossible, at any temperature attainable in the laboratory. 
By the employment of the heating effect of the electric arc, in a 
furnace of the simple construction described above, in which the 

FIG, 10. 

Longitudinal section through furnace before passage of current. 

heat can be confined, the temperatures obtainable are so much 
greater, than can be realized by any other known methods, that 
re-actions heretofore deemed impossible are readily effected. In 
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the hands of ·Moissan and others, the electric furnace has lately 
been made to yield results of a nature, as extraordinary and un
looked-for, as those, which followed upon the first application by 
Davy of the voltaic battery, to effect chemical decompositions. In 
employing the electric furnace method, therefore, to bring about 
the desired results, Mr. Acheson deserves the credit of having ap
plied the only method, by which it could have been successfully 
accomplished. 

"At this point, it is worthy of notice that Moissan, whose recent 
experimental work with the electric furnace has greatly extended 
our knowledge of chemical re-actions, taking place at enormously 
high temperatures, produced this same compound (SiC), and de
scribed its properties, in a communication presented to thtf,

1
E.5ench 

Academy at the session of October, r893; also, that Schutzeriberg
er formed it, by the combined reducing action of carbon and sili
con on silica. Mr. Acheson's results were obtained anddulyan
nounced, however, before the publication, by these investigators, of 
their results. 

FIG 11. 

Section through furnace before passage of current. 

"The interest attaching to this compound, because of ,its nov-· 
elty and the mode of its production, is greatly increased by the 
remarkable properties, which it exhibits. Those properties, which 
are more particularly referred to, are the following:-
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"Permanence.-Being formed at an enormously high tempera
ture, it is natural"to anticipate, that it would be stable, at all temper-

~ 

atures below that of its formation; but, in addition to this stability,. 

FIG. 12. 

Section through furnace after passage of current. 

it appears to be capable of resisting many of the most powerful 
chemical reagents. The only reagents, that appear to be capable 
of decomposing it readily, are the caustic and carbonated alkalies,. 
in the state of fusion. 

"Injusibility.-The substance appears to rank with the most in
fusible substance known, yielding only to the heat of the electric 
furnace. 

"Hardness.-In this quality, the substance approaches, if, indeed,. 
it does not equal the diamond, the hardest of known substances. 
This quality is one, which, at first, would not be readily recognized,. 
being masked by the brittleness of the crystals. 

"It is upon its hardness, that the present and prospective appli
cations of the material are based. It is, in brief, as an abrasive 
material, for grinding and polishing metals, glass and precious 
stones, that carborundum has been found to possess decided merits; 
and, when its unique physical characteristics are so thoroughly 
understood, that they may be· utilized to the best advantage, the 
material, in all probability, will rank among the most valuable ab
rasives known to the arts. It was first usefully applied, for the 
cutting and polishing of diamonds and other precious stones, and,. 
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from reliable evidence presented in the course of this investigation, 
its cuttipg qualities will bear comparison with those of diamond
.dust. It is reported to be specially useful for .polishing such gems, 
.and one of the members of the sub-committee charged with this 
investigation, having tested the merits of the material on various 
gems, reports very favorably upon it. 

"It is used in considerable quantity, in the grinding of the glass 
.stoppers and bulbs of the new Westinghouse electric incandescent 
~amps, for which service it answers very satisfactorily. It is found 
very efficient in certain finishing operations in machine work, as, for 
example,· for brass valve grinding. Of late, it has been introduced 
in the form of small wheels, discs and points, for use in dentistry, in 
place of the corundum tools in general use ; and, finally, it;f.v~sjust 
been introduced in the market in the form of wheels of lalr;g~''size, 
for general grinding and butting purposes in ma.chine work, as a 
substitute for emery wheels. 

" The sub-committee charged with this investigation was supplied 
with a considerable number of samples· of the material, in powder 
form and made up into wheels, with which to make trial of its use
fulness. The results are given in what follows : -. 

" A number of wheels, of the sizes and grades indicated as most 
suitable for certain special uses, were sent to a number of machine 
shops, whose proprietors had expressed their willingness to test 
them. (Their reports form part of the record of this case, and are 
.accessible for reference.) 

" The results of the tests of these large wheels were very con
tradictory, the wheels being pronounced very satisfactory by some, 
.and being condemned by others; but, in the main, the verdict was 
unfavorable. The absence of concordance in these results would 
.seem to indicate the existence of faulty methods of manufacture, 
possibly the use of unsuitable binding material. It is certainly ~ot 
unreasonable to assume, that, when more experience has been gained 
with carborundum, and its peculiar physical qualities are better un
-derstood, more uniform and better results, may confidently be looked 
for. 
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The sml\lller wheels and points, made for dentists' use, were 
found to cut porcelain much faster than wheels of corundum and 
shellac of the corresponding sizes and grit, and to wear away more 
slowly than the latter. When used dry, they cut faster ·than dry 
corundum wheels, and do not glaze so readily as these. This qual
ity makes their use cleanly for the operator. 

The results of these practical trials may fairly be summarized in 
the statements, that the new material possesses remarkable proper
ties as an abrasive, being the first artificial substance, thus far pro
duced, which compares favorably with bort in hardness, and which 
is capable of being used as a substitute for it; that, when its pecul
iarities are better understood, it should be capable of yielding 
cutting wheels of high efficiency, to take the place of abrasives in 
commo# ... ;lJlse; and that it should find general application in the arts,. 
wher~~~r its price is not prohibitory." 
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